Ornamental fish, Xiphophorus maculatus, were imported from Singapore to Denmark for distribution to local aquarists. Importers observed lethargic and erratic swimming patterns among fish and forwarded a total of 30 fish for pathological examination to a university diagnostic service. All fish were diagnosed infected with encysted Centrocestus sp. metacercariae in gills (prevalence of 100% and mean intensity of 454.5 ± 161.9 parasites per fish). Metacercariae were identified by morphological and molecular methods. Cysts (mean length 163.3 ± 13.7 µm and mean width 113.3 ± 10.6 µm) contained a bent metacercaria with an X-shaped excretory bladder. PCR amplification of a rDNA region (5.8S rRNA gene, ITS-2, 28S rRNA gene) and subsequent sequencing confirmed the diagnosis. Metacercariae were found in gill filaments adjacent to the cartilage associated with cartilage hypertrophy, epithelial and mucous cell hyperplasia, clubbing and lamellar fusion. Host cell encapsulation of cysts comprised several layers of leucocytes, chondroblast-like and fibroblast-like cells. The observations raise concerns with regard to veterinary inspection and quarantine procedures. The zoonotic potential of these trematodes and a possible spread of the parasites in natural habitats in Europe should be regarded as a public health issue. So far, several cases of human infections have been reported only in Asia, but the potential intermediate host snail, Melanoides tuberculata, has been recorded in Germany. Accordingly, establishment of the parasite in Europe with climate changes should be considered a risk.
Introduction
The ornamental fish industry is growing worldwide and main players are Southeast Asian countries exporting a range of teleost species to Europe (Davenport 1996) . A popular and frequently exported fish Xiphophorus maculatus, also known as platy fish (family Poecilidae), is susceptible to a number of parasite species, including digenetic trematodes in their metacercarial stage, which use the fish as their second intermediate host (Thilakaratne et al. 2003 , Piazza et al. 2006 , Garcia et al. 2009 . Infections are associated with fish mortality, decreased feeding rate and increased susceptibility to predation which result in significant economic losses in the industry (Crowden and Broom 1980 , Brassard et al. 1982 , Scholz 1999 , WHO 2002 , reviewed by Mitchell et al. 2005a , Shoaibi Omrani et al. 2010 , Paula-Andrade et al. 2012 . Some of these parasites have also a zoonotic potential and may be considered a public health threat, if inadequately processed fish are consumed (WHO 1995 , Chai and Lee 2002 , Keiser and Utzinger 2005 , Rim et al. 2013 . In 2005, more than 56 million patients were diagnosed infected with fish-borne trematodes worldwide (Fürst et al. 2012) . These parasites are known as native zoonotic agents in Southeast Asia including Thailand, Vietnam, the Philippines, Indonesia, Korea, and China (Chai et al. 2009 ), but they have the potential to spread to non-endemic regions through international transfer of infected fish or snails which may expand the number of people at risk (AmayaHuerta and Almeyda-Artigas 1994, Yossepowitch et al. 2004) . Representatives of these trematodes include minute intestinal digeneans belonging to the family Heterophyidae. They apply *Corresponding author: foojan@sund.ku.dk Zoonotic trematodes in imported X. maculatus in Europe 277 piscivorous birds and mammals as definitive hosts, but at least 22 species within this family have the potential to infect humans Mott 1994, Chai et al. 2005) . The first intermediate hosts are mostly freshwater snails, e.g. Melanoides tuberculata or Semisulcospira sp., or brackish water snails, e.g. Cerithidea sp. or Tympanotonus sp. Many species of freshwater fishes may act as the second intermediate host (Salgado-Maldonado et al. 1995 , Scholz and Salgado-Maldonado 2000 , Chai and Lee 2002 , Mitchell et al. 2002 , Mitchell et al. 2005a , Chai 2007 . These heterophyid flukes have been introduced into many countries, e.g. the United States, Mexico and Brazil (Scholz et al. 1995 , Mitchell et al. 2000 , Scholz and Salgado-Maldonado 2000 , Pinto and Melo 2010 .
They encyst in different organs of the fish host including muscles, viscera, heart, brain, gills (Scholz et al. 1995 , Chai and Lee 2002 , Steele and Hicks 2003 , Kimura and Uga 2005 , Fleming et al. 2011 . Gill infection results in structural and functional damages of gills associated with a lower tolerance to hypoxia (Santiago Bass et al. 2007) . Therefore, these parasites have implications for fish welfare, environment and human health and their introduction into non-endemic regions should be prevented. We hereby report a case of heavily infected ornamental fish imported to Denmark and discuss implications for European fish health and veterinary inspection practices.
Materials and Methods

Sampling and examination
A total of 30 fish, X. maculatus, imported in August 2012 by a Danish trader from Singapore were received at the laboratory of aquatic pathobiology, University of Copenhagen due to observations by the owner of lethargic and erratic swimming patterns. Fish were euthanized by an overdosage of MS222 (Tricaine methanesulphonate) followed by a scalpel incision into the brain. Total length (32 to 40 mm) and weight (0.5 to 1 g) of each fish was measured. A full parasitological investigation was conducted (Buchmann 2007 ) including microscopy at low and high power of all organs. All received fish (n = 30) were used for the study, but only 20 fish were examined more closely to determine precise intensity of infection. Three fish specimens were fixed in Davidson's fixative in order to conduct a full histopathological study. Tissue was dehydrated in graded ethanol series and xylene, embedded in paraffin and sectioned (4 µm) on a Leica microtome (Germany). Sections were stained by Haematoxylin, Eosin (H&E) and Alcian blue and mounted in DePex (Gurr). In order to isolate metacercarial cysts from gills, artificial digestion was applied using a pepsin solution (6 ml concentrated HCL, 10 g pepsin and 1000 ml saline 0.9%) incubated for 60-90 min at 37°C (Memmert Model 600, Germany). A total number of 30 encysted metacercariae were randomly selected and measured in length and width, and additional 20 parasites were used for PCR analysis.
Molecular identification
DNA extraction
A subsample comprising 20 parasites were collected for molecular analysis. Individual cysts preserved in 96% ethanol were air-dried and lysed at 55°C in 30 µl of lysis reagent [Tween 20 (0.45%), proteinase K (60 µl/ml), 10 mM Tris and 1 mM EDTA]. Complete lysis was confirmed by microscopy, whereafter the protease was inactivated at 95°C for 10 minutes (Thuy et al. 2010 ).
2. PCR amplification PCR was performed in a Biometra T3 thermocycler (Fisher Scientific) using 60 µl reaction volumes. The reaction mixtures consisted of 6 µl lysate as template, 1 unit of BioTaq DNA polymerase (DNA-Technology), 1 mM dNTP, 1.5 mM MgCl 2 and 1 µM of the two primers. In order to amplify the ITS region, the primers NC5 (5'-GTA GGT GAA CCT GCG GAA GGA TCA TT-3') and NC2 (5'-TTA GTT TCT TTT CCT CCG CT-3') were used as forward and reverse primer, respectively (Zhu et al. 2007 ). The PCR procedure consisted of a pre-denaturation step at 95°C for 2 minutes, followed by 45 cycles of denaturation at 95°C for 30 s, annealing at 50°C for 30 s and elongation at 72°C for 2 minutes, and finally post-elongation at 72°C for 5 minutes. The products were analysed by 1.5% ethidium bromide-stained agarose gel electrophoresis.
3. Gene sequencing Identification of metacercariae was based on sequencing a part of the internal transcribed spacer region (5.8S rRNA gene, ITS-2 gene, and 28S rRNA gene). PCR products were purified using the illustra TM GFX TM PCR DNA and Gel Band Purification Kit (GE Healthcare) and sequenced at Macrogen Inc. (South Korea) using the PCR primers.
Results
Occurrence of the parasite
The prevalence of infection was 100%, and mean intensity of encysted metacercariae (EMC) was 454.5 ± 161.9 (range 195-740) cysts per fish. The frequency distribution of recovered parasites in the population of examined fish is given in Table  I . As shown, half of the hosts harbored 351 to 550 metacercariae in the gills. There was a positive relationship (Spearman's rank correlation coefficient 0.387, p <0.05) between the body size of the fish and intensity of metacercarial cysts per individual (Fig. 1) .
Foojan Mehrdana et al. 278 Morphological and morphometric analysis of parasites All fish examined (n = 30) were diagnosed infected with metacercariae (Fig. 2 ) encysted in the gills, which were found adjacent to the cartilage of the gill filaments (Fig. 3) . A total number of 9090 EMC were isolated, and morphological identification of a subsample of cysts (n = 30) to the genus Centrocestus was performed based on descriptions by Scholz and Salgado-Maldonado (2000) . The examined cysts were semispherical to oval-shaped, mean length 163.3 ± 13.7 (range 140-190) µm and mean width 113.3 ± 10.6 (range 100-140) µm, possessing an X-shaped excretory bladder containing dark excretory granules and circumoral spines characteristic for the genus Centrocestus (Hernandez et al. 2003 , Kimura et al. 2007 ).
Molecular identification
PCR revealed products of 474 bp long (four specimens) and of 476 bp long (one specimen). The products were subjected to nucleotide sequencing. In all cases, 134 bp of the 3'end of the 5.8S ribosomal RNA gene was obtained followed by the complete internal transcribed spacer 2 (ITS-2) of 297 bp or 299 bp. All 5 products ended with 43 bp of the 5' end of 28S ribosomal RNA gene. ITS-2 region was identified using the annotation tool of "ITS-2 Database" (Eddy 1998) . In all cases, BLAST search at GenBank showed highest identity (>99%) towards three identical sequences [Accession numbers: JQ390545-7] (424 bp long) of Centrocestus sp. originating from Iran, Ahvaz. The longest product had one substitution in the ITS-2 region at bp 328 (C to T). The shorter products had a two bp deletion at bp 327-328. Thus, the molecular data supported the morphological analysis of parasites. The obtained sequences were submitted to GenBank [Accession numbers: KF658455-9].
Histopathological findings
Histological findings of EMC revealed the presence of a cyst wall produced by the parasite and one to several layers of host cells encapsulating the encysted metacercaria. The parasiteproduced cyst wall was thin, non-cellular and homogeneous. Host cell layers surrounding the cysts comprised chondroblast-like cells (containing granulated nuclei), leukocytes and a thin outer layer consisting of fibroblast-like cells with elongated nuclei. The thickness of the host-produced encapsulation surrounding individual metacercaria ranged from 4 ± 1.58 µm to 19.08 ± 14.01 µm (n = 30). In all cases, EMC were adjacent to the cartilage of the gill filaments associated with different degrees of cartilage hypertrophy of the primary 
Discussion
Gills of ornamental platy fish, imported to Denmark, were found to be severely infected by metacercariae of Centrocestus sp. with a prevalence of 100%. In our study, we applied morphological and molecular methods for parasite characterization at the genus level. Our findings represent the first record of these potentially zoonotic trematodes introduced into Denmark. Several studies have reported unintentional import of invasive parasites with their ornamental fish hosts into Europe (Levsen et al. 2003 (Sobecka et al. 2012 ). These observations raise several questions, since it is known that imported ornamental fish may be released, more or less accidentally, in natural waters of a new region. Thus, introduction of an exotic fish species to a new geographical region, without an appropriate control of high risk pathogens prior to release from the quarantine facilities, may first of all be considered a threat to the native fish fauna leading to spread of invasive parasites in the area (Kennedy 1994, Evans and Lester 2001). The negative effects of an introduced parasite in a new area seem to be more severe in native fish rather than exotic fish. This may be due to the lack of adaptation to the new pathogen in the native host resulting in serious pathological damages (Dove 2000) . In addition, the zoonotic potential of some fish-borne trematodes represents a crucial public health issue worldwide (Chai et al. 2005, Keiser and Utzinger 2005) , and import and establishment of such parasites in a new region increase the population at risk. Infection with these trematodes is mostly associated with mild symptoms in humans. However, epigastric discomfort, indigestion and diarrhea have been reported as some of the symptoms (Hong et al. 1988) , but the condition may be difficult to diagnose. The first human case naturally infected with the adult stage of Centrocestus was reported by Kurokawa (1935) in Japan. Hong, et al. (1988) diagnosed the first human infection with C. armatus in Korea and in a nationwide parasitological investigation performed in China human infections with C. formosanus were confirmed . A few years later, human infections with C. caninus were reported in Thailand (Waikagul et al. 1997) . De and Le (2011) Import and subsequent release of infected ornamental fish into European freshwaters may represent a risk for establishment of the parasite in native fish species, if appropriate hosts are available. Centrocestus spp. has a broad range of hosts in its native distribution area. Fresh water fish such as Carassius auratus, Cyclocheilichthys repasson, Puntius brevis, Osteochilus hasseltii, Cirrhinus molitorella and several other species are known to serve as second intermediate hosts (Saenphet et al. 2006 , Rim et al. 2008 .
Piscivorous birds (e.g. Bubulcus ibis coromanduis and Egretta alba modesta), and mammals (dogs, cats, rats) serve as natural definitive hosts (Chen 1942 , Ryang et al. 1991 , Sohn and Chai 2005 .
The tropical origin of the parasite may suggest some temperature limitations for development and spread of Centrocestus sp. The optimal temperature range for developing larval stages of Centrocestus spp. has been reported to be 15 to 25°C (Lo and Lee 1996) . During summer time this temperature range is often found in European freshwaters. Due to the rising mean water temperatures associated with global warming, even spring and autumn temperatures reach this level which will increase the probability of parasite survival in European waters (Larsen et al. 2004 , Marcos-López et al. 2010 , Peeler et al. 2011 . Establishment of the parasite would also require (Scholz and Salgado-Maldonado 2000, Mitchell et al. 2007 ). The snail can survive under hard environmental conditions, e.g. high salinity levels up to 25% (Smith 1989 , Bolaji et al. 2011 , but is more vulnerable to low temperatures (Mitchell and Brandt 2005b , Kazibwe et al. 2006 , Karatayev et al. 2009 , Fleming et al. 2011 . Nonetheless, it may survive during cold winter months in artificially heated ponds, and rising water temperatures due to the climate changes may improve survival of the snail in temperate regions. A population of M. tuberculata has indeed been reported from Germany (Glöer 2002) . In addition, it cannot be excluded that these parasites could employ other snail host species when establishing in a new habitat (Fleming et al. 2011) .
In conclusion, evidence has been presented which cause concern that the parasitic trematodes, Centrocestus spp., may spread in European freshwater habitats as a consequence of release of infected ornamental fish into the lakes and ponds (Levsen et al. 2003) . The impact of infections on snails, fish and birds could be significant, and humans ingesting raw or undercooked infected fish may be at risk. Generally, prevention and transmission control of these parasites is difficult and requires good management and efficient approaches. Control strategies should include training of traders and farmers in order to monitor the health condition of imported fish. However, the main concern of veterinarians and traders should be biosecurity measures, e.g. border inspection and fish quarantine measures. Infected fish should be discarded (euthanized) and subsequent disinfecting of equipment in quarantine facilities must be performed. Appropriate legislation regarding requirement of health certificate showing the health status of imported batches of fish is also needed (WHO 2002 , Sadler and Goodwin 2007 , Chong et al. 2011 , Anon 2012 . Therefore, the present report underlines the need to respect control and quarantine procedures with regard to imported ornamental fishes in Europe.
